Peyronie's disease in men with satisfactory erectile function but with significant penile curvature is often treated with plaque incision or excision and grafting. The advantages and disadvantages of various grafting materials have long been debated. While artificial materials have been used, the inflammatory reaction from these grafts has produced poor results. Dermal, venous and tunica vaginalis grafts require additional operative time to harvest and their quality varies Packaged grafts of autologous materials provide a readily available, reliable and well-tolerated choice for penile reconstruction for Peyronie's disease. These grafting materials including cadavaric pericardium, mammalian intestinal serosal products and others are easily obtained and provide a resilient yet compliant graft choice that is easy to tailor and suture in place. Host reaction is minimal and the infection risk small.
Francois de la Peyronie (1768 -1747) described the first series of patients with 'rosary beads of scar tissue' causing curvature of the penis. This condition which has subsequently been described by many authors occurs in an estimated 1 -3% of men in their early to mid-fifties. 1 -3 The main presenting symptoms of Peyronie's disease are penile pain on erection, erectile curvature, painful intercourse, erectile dysfunction and a corpus cavernosum indurated plaque. Despite these disabling symptoms and associated abnormalities, more than 50% of patients followed-up long-term demonstrate some gradual improvement. 3 The pathophysiology of Peyronie's disease continues to be controversial, however, several theories have predominated. Because of the unknown etiology of Peyronie's disease, however, the success of medical treatment has been limited. Most clinical studies, both medical and surgical, have been small, poorly designed and not placebo controlled. Therefore, the results tend to be somewhat ambiguous and unreliable.
When medical management or expectant treatment fail to improve erectile function, penile curvature and plaque, surgical treatment is indicated. In patients with significant Peyronie's disease and erectile dysfunction which fails to respond to pharmacologic therapy, penile prosthesis implantation is safe, well tolerated, and functionally successful in most patients. 5 In those patients in whom erections are satisfactory for sexual activity, but have poor function because of Peyronie's disease, curvature or hourglass deformity, a penile straightening procedure can be considered. It is important in these patients to document through patient reports, pictures, Rigiscan, Doppler ultrasound, or other methods that patients are able to have satisfactory erectile function and vaginal penetration. In patients with mild curvature, minimal plaque, and an adequate size penis, a Nesbit type plication procedure can be considered for penile straightening. Described in 1965, the Nesbit procedure has been widely used with excellent success and low morbidity. 6 Patients with significant penile shortening or severe curvature, however, may experience unacceptable penile shortening with plication procedures such as the Nesbit procedure for correction of severe curvature. 7 In these patients, penile shortening may produce unacceptable functional results. In 1974, Horton and Devine devised a procedure using a dermal skin graft after excision of the Peyronie's plaque to fill the corporal defect. 8 The success of this procedure has been widely reported, and while the morbidity can be significant and erectile dysfunction follow surgery, adequate patient selection produces excellent results in most of these patients. 9 -11 Because dermal grafts are somewhat difficult to harvest and a second incision increases morbidity, many investigators have attempted to identify alternative graft materials to the dermal graft. These graft alternatives have included tunica vaginalis, saphenous vein, dura mater, fascia lata, and various synthetic materials. 12 Ideal graft material has yet to be established. The ideal graft, however, should be packaged and readily available in various sizes. It should be pliable and compliant, but not so compliant that aneurysmal dilatation is possible. It should be easily handled and sutured. Unlike autogenous grafts, an ideal graft should lower patient morbidity and operative time. The graft should be well accepted at the recipient site with minimal inflammatory response. There should be low antigenicity risk and a low risk of viral or prion transmission. Despite significant compliance, the graft should have tensile strength which is adequate to prevent bulging or aneurysmal dilatation. Finally, an ideal graft should be affordable (Table 1) . Lowsley, in 1947 , was the first to report a significant series of patients with Peyronie's disease treated by plaque excision and grafting. 13 Lowsley used a fat graft and reported a 66% success rate. As has been demonstrated subsequently, Lowsley found the best results in patients with dorsal curvature and younger age. In 1974, Devine and Horton reported a series of nine patients grafted with dermis in an attempt to find a more suitable substitute for tunica albuginea 8 (Table 2 ). Unlike fat, dermal grafts demonstrate higher tensile strength, yet maintain the compliance of skin. A number of studies published since the original Devine and Horton series reported success in up to 70% of men treated. Not all series, however, reported satisfactory results and the association of erectile dysfunction with plaque excision or incision and grafting continues to be a common complication.
In addition to free fat pad and dermal grafts, grafts have been harvested from rectus muscle aponeurosis, tunica vaginalis, temporalis fascia, saphenous vein, fascialata, and a variety of other autogenous materials. 14 All of these autogenous grafts exhibit similar limitations inherent to harvesting and tissue properties. The variable success rates are reported in Table 1 . In order to improve patient outcome, decrease the morbidity of autogenous graft harvesting, synthetic and other materials have been examined as possible graft substitutes. While synthetic materials have been used successfully for arterial reconstruction by vascular surgeons for many years, the elasticity and inflammation with perigraft fibrosis have limited the success of these materials for the treatment of Peyronie's disease. Both Gortex and Dacron grafts exhibit this limitation and produce substantial post-operative inflammation around the grafted site with subsequent recapitulation of the plaque and possible further curvature. Removal of these artificial grafted materials at a later date frequently produce further penile shortening, disability, and require penile prosthesis implantation as a secondary procedure. Autogenous materials were initially described by Collins et al who described the use of human dura mater which is similarly harvested from cadavers and is described as similar to the tunica albuginea in thickness, compliance, pliability and consistency. 15 Because of fear of slow viral and prion transmission, however, use of this substance has been abandoned.
The use of other autologous materials, however, has been reported in a number of series. The use of cadaveric pericardium to graft the cavernosal defect in a modified Horton -Devine procedure was first reported by Hellstrom in a series of 11 patients grafted with pericardium and followed-up for an average of 14 months. 16 Three of these patients had simultaneous penile prosthesis implantation for documented erectile dysfunction and the use of cadaveric pericardium successfully reconstructed the corpus cavernosum in these individuals. Overall results were promising with successful resumption 17 In a comparison of these two graft materials, cadaveric pericardia produced in functional results and patient satisfaction equivalent to a dermal graft, but with a decrease in operative time of approximatly 20 min. Erectile function was maintained in both groups of patients in whom pre-operative erectile function was adequate.
Leungwattanakij et al evaluated the tissue compatibility of cadaveric pericardium in vitro. 18 Four months following cadaveric pericardial grafting in an animal model, cavernosal nerve stimulation was carried out in 10 animals grafted with cadaveric pericardium. Erectile function was found to be similar in both groups and the histologic crosssections of the pericardial graft revealed mild to moderate fibrosis surrounding the graft at 4 months. While the ultimate fate of cadaveric pericardial allografts used for urological reconstructive procedures remains unknown, their use in neurosurgery as a substitute for dura mater has been widely reported. Reports on safety, long-term durability and lack of antigenicity are common. Similarly, cadaveric fascia lata is well tolerated with low morbidity and little tissue reaction. 19 -21 While concern regarding protein, viral, and prion transmission has been expressed, no evidence to date supports this concern. Cadaveric pericardium is carefully prepared in accordance with regulations by the American Association of Tissue Banks. Tissues are carefully screened for donor history. 17 The allograft once harvested is incubated in 70% USP isopropyl alcohol, a known viral inactivator. Washing and rinsing techniques using mixtures of cleansing and antimicrobial agents unprocesses the graft material. Tissues are then irradiated prior to freeze-dried preservation. Processing of the tissue creates an acellular matrix of protein and collagen with a balance between sterility to eliminate the risk of disease transmission and preservation of tissue fiber integrity to avoid weakening the material or compromising its ultimate acceptability as a graft material.
Surgical procedures
Plaque excision and grafting for treatment of Peyronie's disease with cadaveric pericardial graft material is important to review 14 (Figure 4) .
Because the majority of penile curvature for Peyronie's disease is dorsal, we will describe first the surgical approach for dorsal penile curvature. Patients are injected intracavemosally with 30 mg of papaverine prior to surgery to stimulate an erection and demonstrate penile curvature prior to correction ( Figure 5 ). After careful preparation and standard sterile draping, the curvature repair is approached by beginning with a circumcoronal or ventral penile incision and retraction of the penile skin. Additional incisions including ventral midline or proximal scrotal incisions may assist in exposing plaque and curvature in the extreme proximal portions of the pendulous penis. Using sharp and blunt dissection, penile skin is retracted to the area of penile curvature. Care must be taken to avoid damage or injury to the dorsal penile nerves which are located 1 -2 mm lateral to the deep dorsal vein of the penis (Figures 6 and 7) . Approach to the penile plaque can be from the 3 and 9 o'clock lateral positions, but it is easiest and safest through the bed of the deep dorsal vein. Buck's fascia is dissected off the deep dorsal vein and the deep dorsal vein ligated approximately 1 cm proximal and 1 cm distal to the Peyronie's plaque. The deep dorsal vein is then dissected free from the area of the Peyronie's plaque with ligation or cautery of perforating vessels during dissection. Once the vein is removed, Buck's fascia is elevated from the Peyronie's plaque using careful sharp dissection to elevate not only Buck's fascia, but the contained dorsal penile nerves. Despite careful dissection, however, some patients will experience glans penis sensitivity changes. Once the plaque is exposed, incision of the plaque in an H-shaped fashion is preferred for penile straightening. In patients with extensive plaques or calcified plaques, the Peyronie's plaque can be excised. If excision is chosen, relaxing incisions at the four extremities of the excised defect should be carried out to ensure complete penile straightening. Once incision or excision has been carried out, the area of defect is carefully measured and the cadaveric pericardial graft is tailored (Figure 8 ). The graft is soaked in antibiotic solution to reconstitute its pliability and compliance. The graft is measured approximately 20% larger than the defect measured to ensure adequate penile straightening. Once measured, tailored, and placed over the defect, the graft is secured in place with a running, locking, suture of 4 or 5-0 PDS. At the conclusion of graft placement, an additional artificial erection is carried out with securing of the graft to avoid damage. If complete straightening is not obtained, additional small plications can be carried out on the contralateral side of the penis to complete straightening. If significant curvature is still noted, an additional incision and graft can be carried out. Once straightening is assured, Buck's fascia is re-closed over the graft using a running suture of 4-0 chromic catgut or PDS (Figure 9 ). Because loss of penile shaft skin is a significant concern, a compression dressing should not be used following closure (Figure 10) . A fine suction drain placed beneath the penile skin for 12 -24 h will improve post-operative swelling ( Figure  11) . A non-compression dressing is applied, a penile Peyronie's disease CC Carson and JL Chun block with Marcaine or other similar local anesthetic is placed, and an ice pack is applied to the penis to limit swelling.
Post-operatively, the suction drain is removed the morning after surgery and ice is continued. Medication to limit post-operative nocturnal erections for 2 -3 weeks is provided for pain control and to improve potential surgical outcomes. The patient's erection status is reviewed at 3 -4 weeks. If subsequent mild curvature or significant graft induration are identified on examination, a series of vacuum erection device applications can be considered. Patients are asked to use the vacuum erection device twice daily for 10 min without use of Peyronie's disease CC Carson and JL Chun a constriction ring. This will often extend the graft and improve the mild curvature identified postoperatively in some patients. Post-operative results can be expected to be quite satisfactory. 10, 17 Many patients may require oral stimulation of erectile function with oral medication such as sildenafil early in the post-operative period. Most patients who are potent pre-operatively will resume potency at 3 -6 months and may be able to discontinue sildenafil at that stage. Our own results reported by Chun et al include an average age of 55 -59 y of age with approximately half of the patients experiencing some decreased erectile function prior to surgery, which is restored by the use of sildenafil. 17 More than 90% of plaques are dorsal and total operative time is slightly over 2 h. In patients undergoing pericardial grafts, 89% were able to resume normal coitus, but 56% required adjuvant therapy in the early post-operative period to improve erectile Peyronie's disease CC Carson and JL Chun function. All patients reported normal sensation and overall satisfaction was 89%.
Knoll reported the use of porcine jejunal submucosal tissue as a graft. 22 Eleven of 12 patients had successful curvature correction at a mean follow-up of 11 months. All patients were potent with one requiring intracavernous injection. This material has been used successfully for urethral sling and other reconstructive procedures. Our experience with two patients demonstrated results similar to cadaveric pericardium.
Cadaveric pericardium appears to eliminate some of the limitations experienced with the use of autologous grafts. The most obvious advantage is the commercial availability of these packaged grafts in various sizes which save the harvesting time during surgical procedures and provide a standard reliable thickness size and compliance material for grafting. The tissue used is an acellular matrix which provides a scaffold for ingrowth of normal tissue following implantation. Cadaveric pericardium is a thin, strong tissue with the advantage of randomly oriented fibers similar to host tissue which hold sutures well and heals without difficulty (Table 2 ) While most patients with Peyronie's disease and penile curvature will improve enough spontaneously to return to function, some patients will require surgical intervention to correct function for penile deformity. Those patients with significant erectile dysfunction, not responsive to oral agents, should be treated with penile prosthesis implantation. In those patients with normal erectile function or in whom erections can be returned to normal with oral agents, penile straightening procedures can be successfully performed. In patients with short penises, significant curvature or deformity, or hourglass deformity, plaque incision or excision and grafting provide an excellent result. While the ideal graft substitute continues to elude us, cadaveric pericardial graft appears to be a suitable substitute for the tunica albuginea which is excised. Functional and surgical results are comparable to dermal and other graft materials with a saving in harvesting time. Peyronie's disease CC Carson and JL Chun
